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ABSTRACT

Introduction: Obstructive sleep apnea (OSA) affects 1-5% of pediatric patients. Untreated pediatric
OSA is associated with neurocognitive impairment, behavioral problems, and cardiopulmonary
dysfunction. Clinical diagnosis lacks sensitivity and specificity. Laboratory polysomnography is
expensive, not always available, and is inconvenient for patients. Therefore, 90% of children undergo
adenotonsillectomy without confirmatory diagnostic testing. Home sleep testing for OSA may alleviate

these issues.

Objectives: Our study investigates a commercially available ambulatory monitor for the diagnosis of
pediatric OSA. Feasibility and validity of the device in the pediatric population was compared to

laboratory polysomnography.

Methods: A prospective, case-controlled study was conducted in children, ages 2-17. Subjects meeting
inclusion criteria completed in-lab polysomnography simultaneously with ambulatory monitoring.
Caregivers attempted home studies on two subsequent nights to compare the diagnostic capability

between the home monitor and the in-lab study.

Results: Forty-five patients were enrolled. Thirty-three subjects completed simultaneous laboratory
polysomnogram with portable monitoring. Twenty patients completed the home studies, with 16
completing 2 nights of monitoring. The measurement of AHI by the portable monitor was different than
that obtained by the PSG with statistical significance for the comparisons of PSG vs. In-Lab (p=0.0026),
PSG vs. Home 1 (p=0.033), and PSG vs. Home 2 (p=0.033). The sensitivity of the portable monitor for
diagnosing OSA was best for the In-lab use at 81%, but only 69% and 70% for the uses at home on the 2
nights respectively. Interestingly, the comparison of AHI and LSAT measurements from the home sleep

test in children age 6 and older did not differ significantly from the PSG.

Conclusion: This pilot study demonstrated differences between home sleep testing and in-lab

polysomnography for the diagnosis of pediatric sleep apnea. These differences were predominantly found



to exist in the younger children. Larger prospective studies are needed prior to wider adoption, yet home
studies have the potential to provide wider access with lower costs for the evaluation of pediatric sleep

apnea.



Introduction

Pediatric obstructive sleep apnea (OSA) is estimated to affect between 1.2% and 5.7% of all
children.! Common symptoms of pediatric OSA include snoring with associated gasps or pauses, poor
sleep, fatigue, and daytime behavioral problems. Untreated OSA is increasingly being recognized as a
risk factor for significant morbidity such as neurocognitive issues and metabolic, behavioral problems,
learning and growth delays, and long-term heart and lung disease related to the sleep disturbance and
repetitive hypoxemia.” In children, hypertrophy of the tonsils and adenoids is most often the source of
airway obstruction, making OSA the most common indication for adenotonsillectomy in the pediatric
population.?

The diagnosis of pediatric obstructive sleep apnea is based on a thorough history and physical
exam, however, tonsil size does not necessarily correlate with diagnosis or severity of OSA.* Guidelines
exist regarding the appropriate use of laboratory polysomnography (PSG) in cases where the diagnosis is
uncertain.'** However, in-lab PSG carries with it the inconvenience of a child and caregiver spending a
night in the lab, as well as significant monetary expense. Also, pediatric sleep centers are often not readily
available, leading to the inconsistent use of PSG in this population. Since less than 10% of children have
a sleep study prior to tonsillectomy, it is possible that a significant number of children undergo the risk of
surgery without an accurate diagnosis of OSA .}

Home sleep apnea testing (HSAT) is a well-accepted method for evaluating adult patients for
sleep disordered breathing as part of an overall sleep evaluation.® In fact, HSAT has become the primary
modality to evaluate OSA in adults as it has been shown to not be inferior to in-lab polysomnography in
the adult population.” However, there is a considerable knowledge gap in the use of home sleep
monitoring technology for the evaluation of pediatric sleep disordered breathing. In fact, clinical practice
guidelines from the American Academy of Pediatrics, the American Academy of Otolaryngology, and the
American Academy of Sleep Medicine each acknowledge the paucity of information on pediatric home

monitoring systems for obstructive sleep apnea.'** These guidelines cite a single article, by Jacob et al, as



the only significant evidence investigating the topic.® There is other research to suggest that home pulse
oximetry monitoring alone does not correlate with laboratory sleep study data in the diagnosis of pediatric
obstructive sleep apnea.’ For these reasons, laboratory PSG is currently recommended for pediatric sleep
apnea evaluation as there is a scarcity of validating information for current commercially available home
monitoring systems.

Our study seeks to investigate if the use of a commercially available HSAT can aid in the
diagnosis of pediatric obstructive sleep apnea. The goals of this pilot study were: 1. help determine if an
unattended HSAT can provide usable and consistent data in the pediatric population when compared to an
in-lab polysomnogram; 2. explore the feasibility and reproducibility of obtaining this data with such a
monitor. The use of the home monitor could eliminate the inconveniences of lab PSG, and alleviate the
issues of access, thereby reducing the number of children proceeding to tonsillectomy without a
confirmed diagnosis of OSA.

Methods

This was a prospective, case-controlled study designed to investigate the use of unattended, home
portable monitoring in children. Subjects were identified both in the ENT clinic and the Sleep Disorder
Center clinic of the San Antonio Military Health System. Patients were required to be less than 18 years of
age and exhibit the signs and symptoms of pediatric obstructive sleep apnea. Exclusion criteria included
obesity, Down syndrome, craniofacial abnormalities, neuromuscular disorders, sickle cell disease, and
mucopolysaccharidoses. These patients were excluded because they are most appropriately assessed by
overnight polysomnography, as stated in the Clinical Practice Guidelines by the American Academy of
Otolaryngology-Head and Neck Surgery.> The complexity of these patients precludes them from home sleep

testing. Other exclusion criteria were previous tonsillectomy or adenoidectomy, or other airway surgery.

The study received Institutional Review Board approval at the San Antonio Military Medical Center.
Subjects who met inclusion criteria were recruited and offered participation. Appropriate informed consent

and assent were obtained. Data collection began with obtaining clinical information including demographics,



history, and physical exam data at an initial clinic visit. Subjects were then scheduled to have an overnight
sleep study (PSG), which at this time is the standard test for these patients. In addition to the standard PSG, a
portable monitor (Embletta Gold by Embla) was administered to the subject at the same time as the in-lab
PSG. After the in-lab testing, the subject wore the portable monitor at home for up to two more ni ghts.
Respiratory data from the results of the in-lab sleep study and the three portable monitor uses were collected
and recorded. Afterwards, the parent or guardian was asked to complete a survey entitled “Pediatric Portable
Sleep Study Survey.” This survey attempted to quantify the subjective complaints of snoring and restless
sleep and inquire about the ease of use of the portable monitor. This completed the data collection portion of

the study. There were no therapeutic interventions involved in this study.
Standard Overnight Polysomnography

All PSG studies were analyzed and reported by a fellowship-trained, board certified sleep physician
(S.H. or P.O.) who was blinded to the results of the portable studies. Patients underwent standard overnight
PSG using a data acquisition and analysis system (Sandman, Natus Medical Inc, USA). Respiratory
measurements included chest wall and abdominal movements using chest wall and abdominal belts, nasal
airflow measurements using air pressure transducer and nasal thermal sensor; oxygen saturation using
oximeter, transcutaneous carbon dioxide (rcCO2) and end tidal carbon dioxide (etCO2). The PSG system
used ProTech ZRIP respiratory inductive plethysmography effort sensors, ProTech PTAF Lite transducer, and
Salter Labs Thermisense nasal pressure monitoring and gas sampling cannula and thermistor. The tcCO2 was
recorded using SenTec Digital monitoring system (Therwil, Switzerland), and etCO2 was recorded using a
capnography (Capnocheck Sleep, BCI, USA). PSG measurements also included electroencephalogram,
electro-oculogram, and submental and bilateral anterior tibialis electromyograms. Video recordings were also
obtained for each study. Sleep architecture was assessed using standard techniques (American Academy of
Sleep Medicine — AASM). Snoring and limb movements were also scored. Recorded respiratory data
included counts and indexes of the following: obstructive apneas, hypopneas, central apneas, and mixed

apneas. All events were scored according to the AASM scoring guidelines for children by a registered PSG



technician. A respiratory event was scored as an obstructive apnea if it was associated with > 90% fall in
signal amplitude for > 90% of the entire event compared to the baseline amplitude, the event lasted > 2
breaths, and there was continued or increased respiratory effort throughout the period of the event. A central
apnea was scored if there was absent respiratory effort throughout the duration of the event, the even lasted 20
seconds or > 2 missed breaths, and was associated with an arousal/awakening or > 3% desaturation. A
hypopnea was scored if the event was associated with > 50% fall in amplitude of the nasal pressure
transducer, lasted > 2 breaths, and was associated with an arousal/awakening or > 3% desaturation. A mixed
apnea event was scored when airflow decreased by >90% from baseline for at least 90% of the entire
respiratory event, the duration of which was a minimum of two baseline breaths, which is associated with
absent inspiratory effort in the initial portion, followed by resumption of inspiratory effort before the end of
the event. The apnea-hypopnea index (AHI) was calculated as the number of apneas and hypopneas per hour

of total sleep time (TST).
Portable Sleep Monitor

The portable monitor used was the Embletta gold device, which is designed to be applied by a
layperson after receiving instruction by a technician or medical provider. This monitor consists of a nasal
pressure cannula and thermistor to measure pressure and airflow. Respiratory effort is measured by Xactrace
chest and abdominal belts. Oximetry is recorded via a digital probe with an averaging time of 1 second. A 3-
lead electrocardiogram is also included to monitor heartrate. Manual scoring of apneas and hypopneas
(AASM pediatric criteria) was done by a single sleep physician (S.H.), who was blinded to in-lab PSG results.
All respiratory events observed by the portable monitor were combined to derive an AHI, which was
compared with the AHI obtained from the standard in-lab PSG. The AHI for the HSAT was calculated as

total number of events divided by the total study time.
Statistical Analysis

The first inferential question we addressed is whether evidence supporting the hypothesis that the



mean of several laboratory polysomnogram measurements is different from those of portable monitoring.
Box-and-whisker plots are used to show the nature of the distributions of these measurements. Using the R
package lattice, we obtain figures that compare the laboratory and portable measurements intuitively.'® Each
box corresponds to the first through third quartiles of the distribution, with the contained line representing the
median value. The whisker portions correspond to the maximum and minimum values within 1.5 times the
inter-quartile range (i.e. the length of the box). Outliers are illustrated as points outside the whiskers. Where
the box-and-whisker plots are not symmetrical, non-normality is suggested and would help to guide our
choice of statistical tests. Additionally, the intuitive interpretations yielded from these plots will help to

confirm the statistical results.

Next, we employed a paired Wilcoxon signed rank test to compare the measurements for laboratory
and portable sleep polysomnograms. We chose this approach for two reasons: (a) the nature of the hypothesis
test is nonparametric, and (b) the results of the box-and-whiskers plots suggest that normality assumptions
may be tenuous. These paired signed rank tests evaluate evidence for the hypothesis that the two samples
come from distributions with the same location (i.e. mean). As usual, smaller p-values correspond to greater
statistical evidence that we may reject the hypothesis of the means being equal. We perform this test in two
arrangements: (a) the laboratory measurement is compared with each corresponding measurement using the
portable setup, and (b) the laboratory measurement is compared with all other measurements at once. This
latter test is called the omnibus test, which allows us to evaluate the performance of all portable arrangements

at once.

In an effort to assess the reproducibility of the data obtained from the portable device, we compared
the means of AHI and LSAT values obtained in the 3 conditions that it was used (In lab, Home 1, and Home
2). These comparisons were made using the Kruskal-Wallis rank sum test and depicted graphically with box-
and-whisker plots. Next, to evaluate the efficacy of the portable machines directly, we assess the specificity
and sensitivity of the device directly with regards to the diagnosis of OSA compared to the gold standard. To

help illuminate the tradeoff inherent between specificity and sensitivity, we estimate receiver operating



characteristic (ROC) curves. By overlaying the AHI values that correspond with points on the ROC curve, we
can also understand whether the rule that AHI > 1 is most desirable when diagnosing OSA using the portable

machines.

Finally, we employ linear regression to model the mean absolute difference between the portable
machine’s AHI and that from the laboratory polysomnogram. By evaluating the impact of patient-level
characteristics on measurement error, we can help to illuminate some guidelines and theorize for when the use
of the portable machines may be advisable, and when it is likely that the portable machine’s measurements

will have too much error in diagnosis.

Results

Forty-five patients were enrolled in the study, and 33 subjects completed simultaneous laboratory
polysomnogram with portable monitoring. Twenty patients completed the home studies, with 16 completing 2
nights of monitoring. Using the paired Wilcoxon signed-rank tests, we determined that the population-mean
measurement of AHI by the portable monitor and the PSG had a statistically significant difference. Figure 1
depicts the corresponding box-and-whisker plots, where it is clear that there are structural differences in the
distributional forms, variances, and means for PSG and portable measurements. For example, the figure
clearly demonstrates that the range (0-17.5) of values obtained by the PSG is much greater than that obtained
by the portable monitor. The pair-wise Wilcoxon comparisons for PSG vs. In-Lab (p=0.0026), PSG vs. Home

1 (p=0.033), and PSG vs. Home 2 (p=0.033) agree with the graphical interpretation.

In a similar way, LSAT comparisons between the portable monitor and the PSG did not match up
well. In this case, the LSAT obtained for the In-Lab use and Home 1 use had statistically significant mean
differences from the PSG (p=0.0035 and p=0.029 respectively), while the values from the Home 2 use did not
indicate statistical evidence that the means were different (p=0.64). Again, this is depicted in a box-and-
whisker plot (Figure 2), which demonstrates that the PSG captured a wider range of LSAT values, including

more cases of a value less than 90%, than the portable monitor. The portable monitor in each circumstance



calculated total sleep time (TST) as higher than the PSG (In-Lab p=0.000022; Home 1 p=0.00036; Home 2

p=0.00048).

An analysis of the sensitivity and specificity of the portable monitor for the diagnosis of OSA
(defined as AHI equal to or greater than 1) compared to the PSG was also performed (Table 1). The
sensitivity (true positives/all patients with OSA per the PSG) of the home device was best when worn in the
sleep lab, at 81.5%, while the sensitivity when wearing the monitor at home was lower (Home 1= 69.2%;
Home 2= 70%). Evaluation of the specificity (true negatives/all patients that did not have OSA per the PSG)
of the portable monitor revealed that the second night at home (Home 2) performed the best in this regard,
with a specificity of 83.3%, while the use in lab had a specificity of 60% and Home 1 demonstrated a
specificity of only 42.9%. Figures 3, 4, and 5 are graphical representations of the sensitivity and specificity of
each use of the home monitor, showing when the home sleep test did and did not come to the same diagnosis
(OSA or no OSA) compared to the polysomnogram. Circular points depict patients where the home sleep test
and PSG agreed on the diagnosis (based on AHI cutoff of 1), and triangular points demonstrate instances of

disagreement.

To test the reproducibility of the data obtained by the home sleep testing from night to night, the AHI
and LSAT data from the 3 uses of the home sleep testing device were each compared with a Kruskal-Wallis
rank sum test. In both instances, there was not sufficient evidence that these means were different from night
to night as recorded by the device (p=0.41 for AHI measurements; p=0.31 for AHI measurements). Box-and-

whisker plots of this data demonstrate the agreement of these values (Figures 6 and 7).

Receiver operating characteristic (ROC) curves were created to determine if different AHI cutoffs
could be used to improve the sensitivity of the home test. For Home 2, the sensitivity could be increased to
90% by using an AHI value of 0.75 or greater to diagnose OSA (Figure 8). However, in this scenario, the

specificity decreased to 65% (and therefore the likelihood of making a Type I error increased to 35%).

Linear modeling was performed to examine what factors were associated with greater error in the



portable machine compared to the gold standard. Interestingly, the 2 factors found to have statistical
significance for degree of error were age and gender. Male patients had less error in AHI values from the
home test compared to the PSG by an absolute margin of 3.24 (p=0.001). With respect to age, younger
children (age 5 and under) showed much greater difference in AHI values than their older (age 6 and over)
counterparts. The younger age group greater error by an absolute margin of 4.99 for their AHI than the older

children (p=0.00003). These results are shown in Table 2.

To test how the HSAT did in older children, the Wilcoxon signed rank test was repeated to compare
AHI and LSAT distributions between the portable monitor and the PSG for children age 6 and older. These
comparisons did not show statistical significance between the populations for AHI (Home 1 p=0.55; Home 2
p=0.15) or LSAT (Home 1 p=0.24; Home 2 p=0.45) on either night at home. The HSAT performed well
enough compared to the PSG in these older children to provide a sensitivity of 83% and specificity of 80% for
diagnosis OSA. An ROC curve demonstrates that a sensitivity of 100% could be reached by lowering the AHI

threshold to 0.75, but this would increase the likelihood of Type I error to 40% (Figure 9).
Discussion

Obstructive sleep apnea affects a significant proportion of the pediatric population (1-5%), and its
long-term health effects have gained recognition.’ The symptoms of OSA in the pediatric population are
not always distinguishable from other disorders affecting sleep, attention, behavior, and cognition. The
ability to predict the presence of OSA based on symptoms, caregiver concern, and tonsil size has not
reliably replaced the gold standard of polysomnography.'’-'> However, average wait times for pediatric
laboratory polysomnography have been reported to be greater than 6 weeks for 43% of providers, helping
lead to a common practice pattern of proceeding to surgical treatment without objective evidence of OSA
in > 90% of patients.'* Thus, cost and access to care issues with respect to PSG have led to a need for

other diagnostic options. In a time of limited healthcare resources, abbreviated screening tests such as



pulse oximetry monitoring may provide a cost-beneficial alternative to laboratory polysomnography but

the limitations in sensitivity remain.'

Alternatives to testing with in-lab polysomnograpy have been explored with limited success in
the pediatric population. Measuring the pattern of mandibular movements in pediatric patients has shown
some positive correlation with changes in pulse transit time, another method proposed for detecting
pediatric OSA.' Various biomarkers have also been explored as potential avenues to facilitate the
identification of OSA in children, but with some limitations depending on the population being
analyzed.'®'” There is an increasing need to identify algorithms and technology which can identify

pediatric patients who have OSA with high sensitivity and specificity.

Nocturnal pulse oximetry has been trialed as a simpler method of home monitoring to assess for
sleep apnea in the pediatric population.>*'*!® Brouillette et al found that a positive nocturnal oximetry
trend graph (defined as 3 or more desaturation clusters of more than 4% from baseline as well as at least 3
desaturations to < 90%) had a high positive predictive value (97%) for pediatric obstructive sleep apnea.?
However, this was in a population with a high (60%) pre-test probability of having OSA. They also found
that a negative or inconclusive trend graph could not reliably rule out obstructive sleep apnea given a low

sensitivity (43%).

In a related study, home pulse oximetry was found to be feasible and reproducible as usable data
was obtained in 57 of 58 pediatric patients on consecutive nights of home monitoring.” However, when
compared to in lab polysomnography, the home monitoring was found to have only 67% sensitivity and
60% specificity for identifying children with moderate OSA. Another limitation of this type of
monitoring is that pulse oximetry alone can certainly not differentiate between obstructive and central

apnea as a cause for hypoxemia, therefore limiting its diagnostic capability.

The feasibility of performing home monitoring in children presents different challenges than it

does in adults. Recently, a publication from Canada found that the ApneaLink (ResMed, USA) portable



monitoring system had an excellent correlation to polysomnogram in detecting OSA, but this testing was
done in an attended sleep laboratory.!'” This setup bypasses the added difficulties of a caregiver-
administered home monitor, which is necessary to avoid the previously stated shortcomings of in-lab
studies. While the device may possess the ability to detect and quantify OSA findings, finding it to be
feasible and reproducible in the home setting is another task. Our study results suggest the increased
problems that this poses. One of the only published studies to date showing the efficacy of home
monitoring in children also evaded these challenges of caregiver setup.® In this study of 21 pediatric
patients, there was found to be good correlation between laboratory PSG and home monitor results with
respect to respiratory and arousal data, but the monitoring equipment was setup in the home by a sleep

technician for each subject.

While it is generally accepted that many children with the signs and symptoms of OSA may
proceed to adenotonsillectomy without a sleep study to confirm the diagnosis, it is important to realize
that a consequence of this practice is that children are not stratified by severity of obstructive sleep apnea
prior to treatment. It is known that the preoperative finding of moderate or severe OSA can help stratify
the risk of post-operative respiratory complications in these children.?*' Wilson et al reported an
increased risk of respiratory complications (odds ratio 7.2) for children with AHI > 5, while an oxygen
nadir of 80% or less on pre-operative polysomnogram raised the rate of post-operative respiratory
complications from 20 to 50%.2° While the Clinical Practice Guideline from the American Academy of
Otolaryngology recommends observing these children with severe OSA overnight in the hospital post-
operatively, it readily admits that more than 90% of children proceed to adenotonsillectomy without
polysomnography.® This is a noticeable knowledge gap in the care of these patients, and one that portable
sleep monitoring could potentially narrow if found to be able to define the existence and severity of OSA

in children.

Our study sought to test both the diagnostic capability of the portable monitor, as well as the

reproducibility of the data obtained by the monitor. Regarding the diagnosis of OSA, the portable monitor



showed mixed results compared to the gold standard of laboratory polysomnography. The measurement
of AHI by the portable monitor yielded a data set that was statistically different from that obtained by the
PSG. This held true for each use of the portable device, both in the lab and at home. Using the device in
both settings helps remove the difference that could be attributed to night-to-night variability in a
patient’s OSA. However, the differences found with device utilized in this study cannot be explained by
this, as the monitor was used simultaneously with the PSG in the lab. Even in this concurrent setting, the
AHI value did not compare favorably with the PSG, and the portable monitor had only 81% sensitivity
and 60% specificity for the diagnosis of OSA. The portable monitor also failed to yield similar data to the

PSG with respect to LSAT values, except when comparing the second night at home (Home 2).

Given these differences in the measurement of the respiratory parameters, the diagnostic ability of
the portable monitor was less than would be desired in order for the home study to replace the PSG. The
sensitivity of the monitor for diagnosing OSA for the 2 nights at home was near 70% for each use.
However, the 30% Type-I1I error (false negative rate) associated with this would preclude the monitor to
be used as an accurate screening test for OSA in the general pediatric population. Unfortunately, the
specificity of the home monitor was also sub-optimal with respect to OSA diagnosis. The ROC curves
created provide us with insight into how the portable monitor could be used as a screening tool to rule out
OSA in children without the hassle of an overnight laboratory polysomnogram. By decreasing the AHI
cutoff on the home sleep test to 0.75, the sensitivity for diagnosing OSA can be raised to 90% or greater,
thereby offering a useful screening evaluation. The appropriate AHI value for diagnosing OSA on the

portable monitor is an area for future investigation.

Interestingly, we were able to identify some factors that were predictive for obtaining poor results
from the portable monitor. Of particular importance is the effect that age had on the ability of the device
to compare favorably with the PSG. Children younger than age 5 had a significantly higher error with the
portable device on comparison to the polysomnogram. The AHI and LSAT measurements did not

statistically differ on the home sleep test from the PSG in children age 6 and older. The sensitivity and



specificity for OSA diagnosis in this age group were both > 80%. These figures would suggest that the
device may be more appropriate for use in older children, where the diagnostic ability will be maximized.
This result provides an area for further research, to better understand if this difference will hold in larger

studies.

We do recognize a few weaknesses in our study. A common difference between in-laboratory
polysomnograms and home sleep apnea testing is the period attributed to sleep. Sleep is measurable on
gold standard test by assessing the EEG pattern and determining true sleep. In the HSAT, the recorded
time is total study time and may not entirely include true sleep. The relative increase in time may
artificially reduce the AHI compared to the PSG since the denominator in events/hour is greater. A
second limitation is that a single HSAT device was used. Other devices may have produced different
results, and these devices may require further study. Also, only 20 of our 33 subjects used the HSAT for a
night at home, and just 16 of those used it for both nights. This discrepancy in the number of patients that
completed each portion of the study limits the study by reducing the power of the comparisons. Also, this
may introduce an unintended bias into the study, as caregivers of some subjects selected themselves out

from the remaining portions of the study.
Conclusion

Our study sought to explore the diagnostic ability of a commercially available home sleep apnea
test in the pediatric population, comparing it to the gold standard of in-lab polysomnography. As
laboratory testing has challenges of cost and access to care, the need for alternative options for diagnosing
OSA has come to the forefront. Our results in a small population found that the portable device did not
perform well compared to the PSG in calculating the AHI and LSAT, or in diagnosing OSA. However,
we did find that the results from the home sleep test were reproducible over multiple nights of use. Also,

the results were significantly better in children age 6 and over, suggesting that older children may be



better suited for home sleep apnea testing. Additional studies on larger numbers of patients will be needed

prior to widespread use of home sleep testing in children.



References

American Academy of Pediatrics. Clinical practice guideline: diagnosis and management of
childhood obstructive sleep apnea syndrome. Pediatrics 2012; 130(3): 576-84.

Brouillette RT, Morielli A, Leimanis A, Waters KA, Luciano R, Ducharme FM. Nocturnal pulse
oximetry as an abbreviated testing modality for pediatric obstructive sleep apnea. Pediatrics
2000; 105(2): 405-12.

America Academy of Otolaryngology-Head and Neck Surgery. Clinical practice guideline:
Polysomnography for sleep-disordered breathing prior to tonsillectomy in children. Ortolaryngol
Head Neck Surg 2011; 145(1 Suppl): S1-15.

D’Andrea LA. Diagnostic studies in the assessment of pediatric sleep-disordered breathing:
techniques and indications. Pediatr Clin North Am 2004; 51(1): 169-86.

Aurora RN, Zak RS, Karippot A, et al. Practice parameters for the respiratory indications for
polysomnography in children. Sleep 2011; 34(3): 379-88.

Collop NA, Anderson WM, Boehlecke B, et al. Clinical guidelines for the use of unattended
portable monitors in the diagnosis of obstructive sleep apnea in adult patients. Portable
Monitoring Task Force of the American Academy of Sleep Medicine. J Clin Sleep Med 2007;
3(7): 737-47.

Berry RB, Sriram P. Auto-adjusting positive airway pressure treatment for sleep apnea diagnosed
by home sleep testing. J Clin Sleep Med 2014; 10(12): 1269-75.

Jacob SV, Morielli A, Mograss MA, Ducharme FM, Schloss MD, Brouillette RT. Home testing
for pediatric obstructive sleep apnea syndrome secondary to adenotonsillar hypertrophy. Pediatr
Pulmonol 1995, 20(4):241-52.

Kirk VG, Bohn SG, Flemons WW, Remmers JE. Comparison of home oximetry monitoring with

laboratory polysomnography in children. Chest 2003; 124(5):1702-8.

10. Sarkar, D (2008). Lattice: Multivariate data visualization with R. New York, NY: Springer.



11.

12;

13.

14.

15.

16.

17;

18.

19.

20.

Brietzke SE, Katz ES, Roberson DW. Can history and physical examination reliably diagnose
pediatric obstructive sleep apnea/hypopnea syndrome? A systematic review of the literature.
Otolaryngol Head Neck Surg 2004; 131(6): 827-32.

Constantin E, Tewfik TL, Brouillette RT. Can the OSA-18 quality-of-life questionnaire detect
obstructive sleep apnea in children? Pediatrics 2010; 125(1): 162-8.

Mitchell RB, Pereira KD, Friedman NR. Sleep-disordered breathing in children: survey of current
practice. Laryngoscope 2006; 116(6): 956-8.

Horwood L, Brouillette RT, McGregor CD, Manouikan JJ, Constantin E. Testing for pediatric
obstructive sleep apnea when health care resources are rationed. JAMA Otolaryngol Head Neck
Surg 2014; 140(7): 616-23.

Martinot JB, Senny F, Denison S, et al. Mandibular movements identify respiratory effort in
pediatric obstructive sleep apnea. J Clin Sleep Med 2015; 11(5): 567-74.

Gozal D. Serum, urine, and breath-related biomarkers in the diagnosis of obstructive sleep apnea
in children: is it for real? Curr Opin Pulm Med 2012; 18(6): 561-7.

De Luca Canto G, Pacheco-Pereira C, Aydinoz S, Major PW, Flores-Mir C, Gozal D. Biomarkers
associated with obstructive sleep apnea and morbidities: a scoping review. Sleep Med 2015;
16(3): 347-57.

Pavone M, Cutrera R, Verrillo E, Salerno T, Soldini S, Brouillette RT. Night-to-night consistency
of at-home nocturnal pulse oximetry testing for obstructive sleep apnea in children. Pediatr
Pulmonol 2013; 48(8): 745-60.

Massicotte C, Al-Saleh S, Witmans M, Narang 1. The utility of a portable sleep monitor to
diagnose sleep-disordered breathing in a pediatric population. Can Respir J 2014; 21(1): 31-5.
Wilson K, Lakheeram I, Morielli A, Brouillette R, Brown K. Can assessment for obstructive

sleep apnea help predict postadenotonsillectomy respiratory complications. Anesthesiology 2002;

96(2): 313-22.



21. Statham MM, Elluru RG, Buncher R, Kalra M. Adenotonsillectomy for obstructive sleep apnea

syndrome in young children: prevalence of pulmonary complications. Arch Otolaryngol Head

Neck Surg 2006; 132(5): 476-80.



Figure 1: Box-and-whisker plots of the AHI measurements for the PSG and each use of the home sleep
monitor. Each box corresponds to the first through third quartiles of the distribution, with the contained
line representing the median value. The whisker portions correspond to the maximum and minimum
values within 1.5 times the inter-quartile range (i.e. the length of the box). Outliers are illustrated as
points outside the whiskers. There are clear structural differences in the distributional forms, variances,
and medians for PSG and portable measurements.
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Figure 2: Box-and-whisker plots of the LSAT measurements for the PSG and each use of the home sleep
monitor. Again, there are clear structural differences in the distributions obtained by the PSG and home
sleep test.
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Figure 3: Comparison of the AHI values obtained by the PSG vs. those obtained by the portable monitor
while worn in the lab. The dark solid lines represent an AHI value of 1. Circular points depict patients
where the home sleep test and PSG agreed on the diagnosis (OSA or no OSA), and triangular points
demonstrate instances of disagreement.
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Figure 4: Comparison of the AHI values obtained by the PSG vs. those obtained by the portable monitor
on the first night at home. The dark solid lines represent an AHI value of 1. Circular points depict
patients where the home sleep test and PSG agreed on the diagnosis (OSA or no OSA), and triangular
points demonstrate instances of disagreement.
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Figure 5: Comparison of the AHI values obtained by the PSG vs. those obtained by the portable monitor
on the second night at home. The dark solid lines represent an AHI value of 1. Circular points depict
patients where the home sleep test and PSG agreed on the diagnosis (OSA or no OSA), and triangular
points demonstrate instances of disagreement.
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Figure 6: Box-and-whisker plots of the AHI measurements for each use of the home sleep monitor.
These demonstrate the reproducibility of the data obtained by the device on different nights.
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Figure 7: Box-and-whisker plots of the LSAT measurements for each use of the home sleep monitor.
These demonstrate the reproducibility of the data obtained by the device on different nights.
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Figure 8: Receiver operating characteristic curve showing the tradeoff between power and probability of
making a Type | error. If the cutoff for diagnosing OSA is changed to 0.75 for the home sleep test, the
power increased to 90%, while the specificity decreased to 65%.
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Figure 9: Receiver operating characteristic curve for the second night at home with the portable device.
If the cutoff for diagnosing OSA is changed to 0.75 for the home sleep test, the power increased to
100%, while the specificity decreased to 60%.
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Table 1: Sensitivity and specificity of the home sleep test for use in each condition (In lab, Home 1, and
Home 2) compared to the PSG for the diagnosis of OSA (defined as AHI greater than or equal to 1).

Use Age Sensitivity  Specificity

In Lab All .81 .60
Home 1 All .70 43
Home 2 All .70 .83
In Lab 5 & under 1.00 67
Home 1 5 & under 75 50
Home 2 5 & under .50 1.00
In Lab 6 & over .70 63
Home 1 6 & over 57 .33

Home 2 6 & over .83 .80




Table 2: Linear regression analysis of gender and age. Males and older children had less error in AHI
measurement by the portable monitor compared to the value obtained by the PSG. The absolute
difference in AHI measurement for males was 3.24 less and for older children was 4.99 less.

Variable Estimate P-value
Male -3.24 0.001
Age <6 4.99 0.00003

Coefficient 4 47 54x108
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